The chemical composition of the essential oil and antioxidant and anti-inflammatory activities of the extracts from Piper miniatum were determined. GC and GC-MS analysis of the essential oil resulted in the identification of 64 components, accounting for 89.2% of the total. The major components were caryophyllene oxide (20.3%) and α-cubebene (10.4%). The antioxidant activity was evaluated by β-carotene/linoleic acid bleaching, DPPH radical scavenging and total phenolic content. In the β-carotene assay, the n-hexane extract showed the highest inhibition activity with 42.7%, while the oil gave 91.3%. The essential oil and extracts were tested for anti-inflammatory activity by using the TPA-induced mouse ear edema model and lipoxygenase assays. The essential oil exhibited significant activity in both models as an anti-inflammatory agent. The n-hexane extract showed strong activity with inhibition of 85.9% in the TPA-induced mouse ear edema model, while the chloroform extract showed the highest activity with 94.2% in the lipoxygenase assay.
Piper miniatum Blume also known as 'libo' or 'sireh hutan' belongs to the family Piperaceae. It is found as wild plants across Indonesia. Various parts of the plant are used in folk medicine [1] . In Papua New Guinea, it is traditionally used as a spice and a tonic. Besides a food flavor, it is commonly used as a food natural preservative that is related to its antibacterial activity [2] . Previous studies on the species indicated that the n-hexane and ethanol extracts have mucolytic activity toward cow intestines mucosa [3] . In addition, the methanol extract had strong α-glucosidase inhibition activity with LC 50 values for leaves and mixtures of leaves and stem of 0.82 and 10.75 µM, respectively [4] . In this study, we report the chemical composition of the essential oil and antioxidant and antiinflammatory activities of the essential oil and extracts. This is the first report of the essential oil composition and bioactivities of this species.
The leaf oil of P. miniatum was obtained in 0.45% yield, w/w, as a pale yellow liquid. The chemical composition, analysed by GC and GC-MS, is presented in Table 1 . Sixty-four components have been identified which represent 89.2% of the total oil. The leaf oil consisted of sesquiterpene hydrocarbons (61.0%), oxygenated sesquiterpenes (24.1%), oxygenated monoterpenes (1.1%) and monoterpene hydrocarbons (0.9%). The major constituents were caryophyllene oxide (20.3%), α-cubebene (10.4%), β-caryophyllene (8.5%), and α-muurolene (5.8%). The other major components that were present in more than 2% were guaiazulene (3.8%), α-copaene (3.5%), α-amorphene (2.8%), dehydro-aromadendrene (2.7%), (E)-nerolidol (2.7%), cis-calamenene (2.6%), and α-longipinane (2.4%). Caryophyllene oxide is an important sesquiterpene of the essential oils of most Piper species. This component was cited as the major sesquiterpene in P. tuberculatum (stem 32.1%; fruit 26.6%) [5] , P. peltatum (leaf 22.9%) [6] , P. amapense (leaf 17.0%), P. duckei (leaf 18.4%) [7] and P. humaytanum (leaf 16.6%) [8] . Caryophyllene oxide is a well-known preservative in food, drugs, and cosmetics, and antifungal against dermatophytes. Recently, it was administered intraperitoneally and was demonstrated to exhibit antinociceptive activity [9] [10] .
The essential oil and extracts of P. miniatum were screened for antioxidant activities by using three different test systems, namely, β-carotene/linoleic acid bleaching, DPPH radical scavenging and total phenolic content. The results are presented in Table 2 . For the essential oil, the total phenolic content in gallic acid equivalents was 47.8 mg GA/g, while inhibition of β-carotene/linoleic acid bleaching was 91.3%. The essential oil showed weak activity with an IC 50 240.5 µg/mL in the DPPH assay. Caryophyllene oxide, the major component in the essential oil, also showed significant activity in the DPPH and β-carotene assays. The results also indicated that the methanol extract contained the highest amount of total phenolics (50.5 mg GA/g). It was also the best radical scavenger among the extracts. However, its IC 50 value (169.7 µg/mL) was four times lower than the standard, BHT. The superiority of radical scavenging activity of the methanol extract could be attributed to the presence of phenolic compounds. The synergistic effects of phenolic acids and polyphenols, as well as other chemicals such as flavonoids could also be responsible for the radical scavenging activity observed for the methanol extract [11] .
The essential oil and extracts were tested at different concentrations for their anti-inflammatory activity in the TPA-induced mouse ear edema model (TPA), with a topical application of 2 mg/ear, and in an in vitro quantitative lipoxygenase inhibition assay, at a concentration of 100 μg/mL. The results are listed in Table 3 . The results showing an inhibitory effect value greater than 50% are considered to have significant activity. The essential oil inhibited by 73.6% in the TPA, and 76.0% in the lipoxygenase inhibitory assay. The major component, caryophyllene oxide was tested for its lipoxygenase inhibition and gave a percentage inhibition of 82.4%.
It has been reported that caryophyllene oxide exhibited activity in the in vitro lipoxygenase assay [12] . The presence of this component may contribute to the activity of this essential oil as observed in the lipoxygenase assay. The synergism of active components in the essential oil was considered for the positive activity in this assay [13] . In the case of the extracts, the n-hexane extract gave the highest inhibition (85.9%) in TPA, while the CHCl 3 extract showed the strongest inhibition in the quantitative lipoxygenase assay with inhibition of 94.2%. These inhibitions were comparable with that produced by 0.5 mg per ear of indomethacin (84.7%) and phenidone (93.3%) as positive controls. In the TPA induced edema, the n-hexane extract was probably inhibiting protein kinase C (PKC), the principle target of TPA, thus blocking the production of phospholipase A 2 . In the case of the in vitro quantitative [14] .
In conclusion, we have identified the volatile components of the essential oil of the leaf of P. miniatum and evaluated the essential oil and extracts for their antioxidant and anti-inflammatory activities. Our results clearly showed that the extracts are active against TPA mouse ear edema and inhibit lipoxygenase. The results presented here can be considered as the first information on the anti-inflammatory properties of P. miniatum. We will identify and investigate the components responsible for this activity in future studies of this plant. Consequently, these results can be considered as preliminary in order to show the importance of this species.
Experimental
Plant materials: The leaves of P. miniatum (HTBP1286) were collected from Universiti Putra Malaysia, Selangor, in July 2006. This species was identified by Zainuddin Ibrahim and the voucher specimen was deposited at the Herbarium of Taman Botani, Putrajaya. 
Solvents and chemicals:

Extraction of essential oil and extracts:
The dried leaves (500 g) were subjected to hydrodistillation in an all glass Dean-Stark apparatus for 8 h. The oils obtained were dried over anhydrous magnesium sulfate and stored at 4-6°C. The oil yields (w/w) were calculated based on a fresh weight-basis. Maceration of dried leaves (600 g) with methanol followed by concentration of solvent under reduced pressure gave the methanol extract (41.4 g, 6.80%). Liquidliquid extraction of the MeOH extract with n-hexane, chloroform and methanol afforded 2.62%, 0.62% and 0.10% extracts, respectively.
Gas chromatography (GC):
GC analysis was performed on a Hewlett Packard 6890 series II A gas chromatograph equipped with an Ultra-1 column (100% polymethylsiloxanes) (25 m long, 0.33 μm thickness and 0.20 mm inner diameter). Helium was used as a carrier gas at flow rate of 0.7 mL/min. Injector and detector temperatures were set at 250°C and 280°C, respectively. Oven temperature was kept at 50°C, then gradually raised to 280°C at 5°C/min and finally held isothermally for 15 min. Diluted samples (1/100 in diethyl ether, v/v) of 1.0 µL were injected manually (split ratio 50:1). The injection was repeated 3 times and the peak area percentages were reported as means ±SD of triplicates. Calculation of peak area percentage was carried out by using GC HP Chemstation Software (Agilent Technologies).
Gas chromatography-mass spectrometry (GC-MS):
GC-MS chromatograms were recorded using a Hewlett Packard Model 5890A gas chromatograph and a Hewlett Packard Model 5989A mass spectrometer. The GC was equipped with an Ultra-1 column (25 m long, 0.33 μm thickness and 0.20 mm inner diameter). Helium was used as a carrier gas at a flow rate of 1 mL/min. Injector temperature was 250°C. Oven temperature was programmed from 50°C (5 min hold) at 10°C/min to 250°C and finally held isothermally for 15 min. For GC-MS detection, an electron ionization system, with ionization energy of 70 eV was used. A scan rate of 0.5 s (cycle time: 0.2 s) was applied, covering a mass range from 50-400 amu.
Identification of components:
The chemical components of the essential oil were identified by comparing their MS with the reference spectra in the computer library (Wiley) and also by comparing their retention indices and Kovats index with the literature data [15] . The quantitative data were obtained electronically from FID area percentage without the use of a correction factor.
Antioxidant activity -β-Carotene/linoleic acid bleaching:
The βcarotene-linoleic acid bleaching assay was employed as described previously, with minor modifications [16] [17] . A mixture of βcarotene and linoleic acid was prepared by adding together 0.5 mg β-carotene in 1 mL CHCl 3 , 25 µL linoleic acid and 200 mg Tween 40. The CHCl 3 was then completely evaporated under vacuum and 100 mL of oxygenated distilled water was subsequently added to the residue and mixed gently to form a clear yellowish emulsion. The essential oil, extracts, and BHT were individually dissolved in methanol (2 g/L) and 350 µL volumes of each of them were added to 2.5 mL of the above emulsion in test tubes and mixed thoroughly. The test tubes were incubated in a water bath at 50ºC for 2 h, together with a negative control (blank) containing the same volume of methanol. The absorbance values were measured at 470 nm on a UV-vis spectrophotometer. Percentage inhibitions (I%) of the samples were calculated using the following equation:
where A β-carotene after 2 h assay is the absorbance value of β-carotene after 2 h assay remaining in the samples and A initial β-carotene is the absorbance value of β-carotene at the beginning of the experiments. All tests were carried out in triplicate and percentage inhibitions were reported as means ± SD of triplicates.
DPPH radical scavenging:
The free radical scavenging activity was measured by the DPPH method with minor modifications [18] [19] . Each sample of stock solution (1 mg/mL in MeOH) was diluted to various concentrations (1000-7.8 μg/mL). Then, a total of 3.8 mL of 50 μM DPPH methanolic solution (1 mg/50 mL) was added to 0.2 mL of each sample solution and allowed to react at room temperature for 30 min. The absorbance of the mixtures was measured at 517 nm. A control was prepared without a sample or standard and measured immediately at 0 min. Lower absorbance of the reaction mixture indicates higher free radical scavenging activity, and vice versa. The percent inhibitions (I%) of DPPH radical were calculated as follows:
where A blank is the absorbance value of the control reaction (containing all reagents except the samples) and A sample is the absorbance values of the test samples. The sample concentration providing 50% inhibition (IC 50 ) was calculated by plotting inhibition percentages against concentrations of the sample. All tests were carried out in triplicate and IC 50 values were reported as means ± SD of triplicates.
Total phenolic content (TPC):
Total phenolic contents of the essential oil/extracts were determined as per previous studies with minor modifications [17, 20] . A sample of stock solution (1 mg/mL in MeOH) was diluted to a final concentration of 1000 μg/mL. A 0.1 mL aliquot of thiswas pipetted into a test tube containing 0.9 mL of MeOH, then 0.05 mL Folin-Ciocalteu's reagent was added, and the flask was thoroughly shaken. After 3min, 0.5 mL of 5% Na 2 CO 3 solution was added and the mixture was allowed to stand for 2 h with intermittent shaking. Then, 2.5 mL of MeOH was added and left to stand in thedark for 1 h. The absorbance measurements were recorded at765 nm. The same procedure was repeated for the standard gallic acid solutions. The concentration of total phenolic contents in the essential oil/extracts was expressed as mg of gallic acid equivalent per g ofsample. Tests were carried out in triplicate and the gallic acid equivalent value was reported as mean ± SD of triplicate.
Anti-inflammatory activity -TPA induced mouse ear edema model:
The TPA-induced mouse ear edema assay was carried out according to previous studies with slight modifications [21] . A 25 μg/mL stock solution of TPA was prepared in acetone. The essential oil/extracts were dissolved in acetone to form a concentration of 50 mg/mL. A volume of 40 μL (equivalent to 2 mg essential oil/extract) of the stock essential oil/extract was applied topically to the right ear of a mouse while the same volume of acetone was applied to the left ear. Inflammation was induced by painting both ears with 20 μL (equivalent to 0.5 μg TPA) of the TPA stock solution, 40 min after the application of the test oils/extracts. After 6 h, the mice were killed by cervical dislocation and disks of 7 mm diameter were punched and removed from each ear and the weightdetermined. The inflammation was measured as the difference in weight between the punches from right and left ears, and expressed as an increase in ear thickness. The percentage inhibition (I%) of essential oil/extract was then calculated as the ratio of the weight increase of the ear sections, according to the following formula: where L is the weight of the left ear treated with TPA only, R is the weight of the right ear treated with TPA plus the test essential oil/extract, C is the calculated weight of the untreated ear, and *) is treatment with 0.5 μg TPA, which resulted in a 2.41 times increase in weight of the ear.
Lipoxygenase inhibition assay:
Lipoxygenase inhibiting activity was conveniently measured by slightly modifying the spectrometric method [22] [23] . The assay protocol; 160 μL of 100 mM sodium phosphate buffer (pH 8.0), 10 μL of sample solution and 20 μL of lipoxygenase solution were mixed and incubated for 10 min at 25°C. The reaction was then initiated by the addition of 10 μL linoleic acid (substrate) solution and the change in absorbance at 234 nm was followed for 6 min. The essential oil/extracts and the positive control were dissolved in ethanol. All the reactions were performed in triplicate using a 96-well micro-plate, incubated for 10 min and measured with A Spectra Max 384 Plus (Molecular Devices, U.S.A).
Statistical analysis:
Data obtained from the essential oil analysis, antioxidant and anti-inflammatory activities were expressed as mean values. The statistical analyses were carried out by employing one way ANOVA (p>0.05). A statistical package (SPSS version 11.0) was used for the data analysis. For anti-inflammatory activity, the results obtained were from 5 mice in the TPA-mouse ear edema model and from 3 samples in the in vitro quantitative lipoxygenase assay.
